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To domesticate and cultivate Achillea millefolium subsp. Elbursensis Hub.-Mor., its seeds were collected from natural 
habitat in the Dizin region and were cultivated in the research field in March 2017. Effects of cultivation density (5, 8, 12 
shrubs per m2 and cultivation year (2017 and 2018) on essential oil percentage and main chemical compounds were 
investigated. Essential oil extraction of flowering shoots was carried out by the hydrodistillation method. Determination of 
chemical compounds was done by (GC) and (GC-MS). Chamazulene was determined as the main compound in all 
treatments. Effect of cultivation year and density on the essential oil content and main compounds was significant. The 
highest essential oil percentage was found in 12 shrubs per m2 density during two examined years. The highest essential oil 
yield (0.42%) was observed at 12 shrubs per m2 in 2018. But the lowest essential oil percentage (0.14%) was found at 
5 shrubs per m2 in 2017. The maximum content of camphor (8.6%) and borneol (10.30%) was obtained at 5 shrubs per m2 
density in 2018. The highest chamazulene (75.63%) was found at 12 shrubs per m2 density in 2018. 
Keywords: Achillea millefolium subsp. elbursensis Hub.-Mor., Borneol, Camphor, Chamazulene, Domestication, Essential 
oil percentage. 
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Introduction 
Asteraceae family has various flowering plants and 
contains about 600 genera and 23000 species. Genus 
Achillea includes 115 species that are distributed in the 
North hemisphere and 19 herbaceous and perennial 
aromatic plants in Iran1. Achillea millefolium subsp. 
elbursensis Hub.-Mor., commonly known as yarrow, is 
a permanent shrub containing stem with a height of 20 
to 40 cm and leaves with delicate hairs almost broad 
and dense. The leaves of the middle part of the stem are 
more or less rectangular, and their length is up to 1.5 
mm. The flowers are white and purple. The flowering
time is summer and distributed in Mazandaran and
Tehran province2. In conventional medicine, yarrow is
used as a tonic, relaxation, rheumatic problem, nervous
pain relief, diuretic, cold treatment, digestive system,
gastric diseases and haemorrhoids improvement3-4. In a
recent study, the apoptosis effect of essential oil from
A. millefolium against HeLa cells was proven5. One of
the main compounds of essential oil from Achillea
species is chamazulene that is derived from matricine
with anti-inflammatory property. Therefore, it is 
recommended for use in cosmetic and hygienic 
products to cure skin inflammation diseases6. 
Effect of cultivation date and density has 
been investigated in various medicinal plants such 
as Matricaria chamomilla7, Achillea millefolium8, 
Thymus species9-10, Catharanthus roseous11, 
Dracocephalum moldavica12, Coriandrum sativum13, 
and Foeniculum vulgare14. 
Essential oil compositions of various Achillea 
species have been studied by several researchers5,15-21. 
Jaim and et al.22 studied essential oil percentage of A. 
millefolium subsp. elbursensis and chemical 
constituents by using hydrodistillation and steam 
distillation methods. Askari et al.23 compared essential 
oil of leaf and flower of A. millefolium subsp. 
Elbursensis under habitat and cultivated conditions. 
In this study, the effect of cultivation year and 
density on essential oil percentage and main chemical 
compounds of A. millefolium subsp. elbursensis was 
investigated. 
Materials and Methods 
Seeds of A. millefolium subsp. elbursensis were 









region (2800 m altitude, the highest altitude of the ski 
slope) of Tehran province. Seeds were planted in 
cultivation try containing peat moss under greenhouse 
conditions in March 2017. The voucher specimen 
(No. 104120 TARI) was deposited in the Research 
Institute of Forests and Rangelands (RIFR), TARI 
herbarium. Then seedling was transplanted to the field 
condition with different density (5, 8, and 12 
shrubs/m2) in April 2017 (Table 1). The experiment 
was conducted in a completely randomized block 
design with three replications in the Research field of 
medicinal plants located in the Alborz Research 
Center, RIFR. The soil sample was collected 
randomly from each Crete and then mixed together. 
Physicochemical analysis of soil sample was 
determined in Soil Lab of RIFR (Table 2). 
 
Essential oil extraction 
Flowering shoots were collected from three 
replications of each treatment. All samples were dried 
under lab temperature and milled into small pieces. 
Essential oil extraction was done by hydrodistillation 
method with Clevenger apparatus24,25. Essential oil 
percentage was calculated through a proven protocol. 
The essential oils were poured into a small container 
and were stored in a refrigerator at 4 ºC. The  
quality and quantity of essential oils were analyzed 
with Gas Chromatography (GC) and Gas 
Chromatography equipped Mass Spectrometry  
(GC-MS) instruments. 
Gas chromatography  
GC analysis was done by Shimadzu GC-9A Gas 
chromatograph equipped with a DB5 fused silica 
column (60 m x 0.25 mm; film thickness 0.25 μm). 
The oven temperature was kept at 50 oC for 5 minutes 
and then was programmed to 270 oC at a rate of  
3 oC/min, injector and detector (FID) temperature 
were 280 oC. Helium was used as carrier gas at a 
linear velocity of 32 cm/s. The relative amounts of 
individual components were based on electronic 
integration of peak area without the use of an internal 
standard or FID response factor correction. 
 
Gas Chromatography-Mass Spectrometry  
GC-MS analysis was achieved on a Varian 3400 
GC-MS system equipped with a DB-5 fused silica 
column (60 m x 0.25 mm, film thickness 0.25 μm) 
and was interfaced with a Varian ion trap detector. 
Essential oil was diluted with dichloromethane 1:100 
ratio and 1 μL of the diluted sample was injected into 
the GC-MS. The oven temperature was programmed 
for 50-270 oC at a rate of 3 oC/min, injector, and 
transfer line temperature was 280 and 290 oC, 
respectively. Helium was employed as carrier gas 
with a linear velocity of 31.5 cm/s, split ratio 1/60, 
ionization energy 70 ev, scan time 1s and mass range  
40-400 amu. 
 
Identification of chemical components 
The oil components were identified by comparing 
their mass spectra with those of the computer library 
NIST library and Willey26-30 or with authentic 
compounds. The accuracy of chemical compounds 
was confirmed by comparison of their retention index 
with those of authentic compounds or with published 
data in the literature. 
 
Result 
In this study, the effect of cultivation density and 
year of cultivation on essential oil percentage and 
main chemical compounds were investigated  
(Table 3). The effect of cultivation density on 
essential oil percentage was significant (P <0.05). The 
highest essential oil content (0.4%) was obtained in 
12 shrubs per m2 and the lowest essential oil content 
(0.19%) was recorded in 5 shrubs per m2. 
Table 1 — Map of plant cultivation in the research field of Alborz
research station, Research Institute of Forests and Rangelands. 
Cultivation condition 5 plants/m2 8 plants/m2 12 plants/m2 
Plot length (m) 6 6 6 
Plot width (m) 3 3 3 
Plot area (m2) 18 18 18 
Rows distance (cm) 50 40 30 
Plants distance (cm) 40 30 30 
Numbers of rows 6 7 10 
Number of plants in  
each row 
15 20 20 
Total number of plants 90 140 200 
Area occupied with  
each plant 
0.09 0.13 0.2 
















pH Sand (%) Silt (%) Soil texture 
0-30 0.1413 8.5 0.095 238 8.95 7.64 70.4 30.27 Sandy-loam 




The effect of cultivation density on main  
chemical compounds including camphor, borneol, and 
chamazulene was significant at P <0.05 (Table 3). 
However, cultivation density didn’t have a  
significant effect on E-anethole, E-caryophyllene, and  
E-nerolidol as well as caryophyllene oxide. 
The interactive effects of year and density on 
essential oil percentage and camphor, borneol as well 
as chamazulene were significant at P <0.01 (Table 4). 
The highest essential oil percentage (0.42%) was 
observed in 2018 at 12 shrubs per m2. The lowest 
essential oil percentage (0.14%) was seen in 2017 at  
5 shrubs per m2. The highest camphor content (8.6%) 
and the minimum camphor percentage (0.23%) were 
obtained in 2018 at 5 shrubs per m2 and 8 shrubs per 
m2, respectively. The highest borneol (10.30%) was 
found in 2018 at 5 shrubs per m2 and the lowest 
borneol (0.3%) was seen in 2018 at 8 and 12 shrubs 
per m2. The highest chamazulene (75.63%) was 
observed in 2018 at 12 shrubs per m2 and the lowest 
chamazulene content (43.17%) was seen in 2018 at 12 
and 5 shrubs per m2. The list of all identified chemical 
compounds is given in Table 5. 
 
Discussion 
Essential oil percentage fluctuated between 0.19 to 
0.4% in different cultivation density. The study on the 
interactive effect of cultivation year and cultivation 
density showed that essential oil percentage varied 
between 0.14 to 0.42%. The essential oil percentage 
of leaf and inflorescence of this subspecies collected 
from natural habitat were 0.11 and 0.53%, 
respectively. Also, the essential oil percentage 
collected from the experimental field in two 
consecutive years was 0.28 and 0.26% for leaf sample 
and 0.5 and 1.3% for inflorescence23. Jaim and et al.22 
mentioned that essential oil percentage of 
inflorescence and leaf of A. millefolium L. subsp. 
elbursensis collected from natural habitat was 0.2 to 
0.5% and 0.1%, respectively. In this study, the 
enhancement of essential oil percentage in the second 
year of cultivation was evident. These phenomena 
related to better establishment and adaptation of 
plants in field condition during the second year in 
comparison to the first year of cultivation31. Essential 
oil percentages of A. millefolium from India was 
0.7%(ref 21) from Estonia was 0.9-9.5%(ref 32), and 
flowering shoots from Shiraz habitat was 1.2%(ref 33). 
The main identified chemical constituents were 
chamazulene, camphor, borneol, E-anethole, E-
caryophyllene, E-nerolidol, and caryophyllene oxide. 
Chamazulene has been reported as the main 
compound in different investigations18,22-23,34 and some 
reports introduced camphor as one of the main 
compounds in Yarrow5,17,19,35. 
Effect of cultivation year on essential oil 
percentage was significant at P <0.05. Essential oil 
content increased in the second year in all density 





Camphor Borneol E-anethole E-caryophyllene E-nerolidol Caryophyllene 
oxide 
Chamazulene 
         
5 0.19b 7.40a 8.66a 4.80a 2.80a 2.88a 3.05a 48.27c 
8 0.23ab 0.76b 0.2b 2.21a 2.93a 1.90a 5.30a 62.30b 
12 0.4a 1.2b 0.33b 0.58a 2.46a 1.75a 3.01a 71.92a 
Means followed by the same letters are not significantly different at 5% probability level 
 
Table 4 — Effect of density on essential oil content and main chemical compound of Achillea millefolium subsp. elbursensis 
Treatment Essential oil 
content 





        
2017 5 0.14b 6.2a 7.3a 1.63a 2.83a 4.63a 3.6 a 53.37c 
8 0.22ab 1.3b 0.3b 1.46a 2.83a 1.73a 6.30a 62.87b 
12 0.39a 1.1b 0.3b 0.63a 2.46a 1.86a 3.96a 68.20b 
2018 5 0.25ab 8.6a 10.3a 7.30a 2.76a 1.13a 2.5a 43.17d 
8 0.25ab 0.23b 0.3b 2.96a 3.03a 2.06a 4.26a 61.73b 
12 0.42a 1.3b 0.3b 0.53a 2.46a 1.63a 2.06a 75.63a 
Means followed by the same letters are not significantly different at 5% probability level 




treatments. Chamazulene as the main compound 
increased in 12 shrubs per m2 in two consecutive 
years. Dadkhah et al.7 showed that the cultivation 
season had a significant effect on chamomile essential 
oil under field condition and increasingly affected 
essential oil yield. Ghani and Azizi8 found that 
cultivation date changes essential oil yield and 
percentage in A. millefolium subsp. millefolium. 
Lebaschy et al.10 reported that the highest essential oil 
yield and thymol content of thymus species were in 8 
and 6 shrubs per m2, respectively. In conclusion, high 
shrub density increases essential oil yield because of 
higher competition among plants to obtain mineral 
from soil and utilization of environmental factors such 
as light and moisture. 
Conclusion 
In this study, the effect of cultivation density and 
year of cultivation on essential oil percentage and 
chemical composition of the plant were studied. 
The highest essential oil percentage and 
chamazulene content were observed during the 
second year of cultivation at 12 shrubs per m2 
density. Consequently, harvesting of flowering 
shoots in the second year and cultivation of plants 
at 12 shrubs per m2 density are recommended to 
obtain maximum essential oil percentage and 
chamazulene content. This plant can be introduced 
in the cosmetics industry due to its valuable 
amounts of chamazulene or as an ornamental plant 
in horticultural practices. 
Table 5 — Chemical compositions mean of Achillea millefolium subsp. elbursensis identified by GC-MS 
Chemical compounds   2017 2018 
 RI* RI** 5 plants/m2 8 plants/m2 12 plants/m2 5 plants/m2 8 plants/m2 12 plants/m2 
-cymene 1055 1026 - 0.1 0.6 0.7 0.1 - 
1,8-cineole 1065 1033 0.3 1.1 4.1 1.9 1.1 0.2 
Camphor 1181 1143 6.2 1.3 1.1 8.6 0.23 1.3 
Borneol 1222 1165 7.3 0.3 0.3 10.3 0.3 0.3 
-terpineol 1236 1189 0.3 - 0.4 0.6 0.6 - 
Methyl chavicol 1297 1196 0.3 0.2 0.3 0.4 0.4 - 
Geranial 1320 1253 0.5 0.4 0.5 5.9 0.7 - 
E-anethole 1330 1285 1.6 1.5 0.6 7.3 3.0 0.5 
Carvacrol 1370 1298 0.1 - 0.3 0.3 0.2 0.1 
Geranyl acetate 1377 1381 0.5 0.6  0.7 0.3 0.3 
Trans-myrtanol acetate 1379 1387 0.2 - 0.3 0.7 2.2 0.5 
-cedrene 1458 1409 0.4 0.2 0.2 0.1 0.6 - 
-caryophyllene 1473 1418 2.8 2.8 2.5 2.8 3.0 2.5 
-chamigrene 1511 1475 0.7 0.6 0.2  1.4 - 
γ-gurjunene 1520 1477 0.5 0.5 0.9 1.9 1.4 2.1 
Germacrene D 1537 1480 1.4 1.7 1.4 1.4 1 0.7 
Bicyclogermacrene 1548 1494 0.6 1.6 0.7 0.7 0.4 0.1 
E-E--farnesene 1562 1506 0.1 0.1 - 0.4 0.6 0.4 
E-nerolidol 1575 1564 4.6 1.7 1.9 1.1 2.1 1.6 
Spathulenol 1652 1576 - 0.9 - 1 2.4 0.6 
Caryophyllene oxide 1662 1581 3.6 6.3 4.0 2.5 4.3 2.1 
Humulene epoxide II 1693 1608 0.5 0.7 0.3 0.2 0.3 0.8 
-eudesmol 1736 1651 1.4 2.8 2.2 1.3 2.9 2.4 
(Z,E)-farnesyl acetate 1822 1701 1.2 1.8 1.2 0.9 1.9 2.7 
Chamazulene 1837 1732 53.4 62.9 68.2 43.2 61.7 75.6 
Oplopanone 1859 1740 0.6 0.7 0.6 0.4 0.5 0.6 
Khusimol 1867 1743 1.6 2.4 1.6 0.5 0.9 0.6 
-sinensal 1892 1757 1.2 1.8 1.4 0.7 1.2 1.6 
Total   91.9 95.0 95.7 96.5 95.7 97.6 
Number of chemical compounds   26 25 25 27 28 22 
RI* library retention index
RI**literature retention index 
 




Declaration of interests 




1 Mozaffarian V, A Dictionary of Iranian Plant Names, 
(Farhang Moaser Publishers, Tehran), 1996. 
2 Mozaffarian V, Flora of Iran, Compositae: Anthemideae & 
Echinopeae, (Research Institute of Forests and Rangeland, 
Tehran), 2008. 
3 Najafpour N M, Sefidkon F and Mirza M, Anticancer 
medicinal plants in Iran, (Research Institute of Forests and 
rangelands, Iran), 2007. 
4 Mohammad H M, Sarkerb S D, and Akbarzadeh A, Chemical 
composition of the essential oils and extracts of Achillea 
species and their biological activities: A review,  
J Ethnopharmacol, 2017, 199, 257-315. 
5 Acar M B, İbiş E K, Şimşek A, Vural C, Tez C, et al., 
Evaluation of Achillea millefolium essential oil compounds 
and biological effects on cervix cancer HeLa cell line, Euro 
Biotech J, 2020, 4(1), 17-24.  
6 Safayhi H, Sabieraj J, Sailer E R and Ammon H P, 
Chamazulene: An antioxidant-type inhibitor of leukotriene 
B4 formation, Planta Med, 1994, 60(5), 410-413. 
7 Dadkhah A R, Kafi M and Rasam G h, Effect of cultivation 
season and plant densities on growth characteristics and 
quantity and quality yield of Matricaria chamomilla, J 
Hortic Sci, 2009, 23(2), 100-107. 
8 Ghani A, Azizi M, Ebadi, M T and Tehranifar A, Effect of 
sowing date on morphological characteristics, yield and 
essential oil content of Achillea millefolium subsp. 
millefolium L., J Crop Sci, 2011, 9(3), 447-453.  
9 Taheri R, Lebaschy M H, Zakerin A, Ramazani M B, Borjian 
A, et al., Effect of plant densities on quantitative and 
qualitative characteristics of four Thymus species under dry 
farming condition of Damavand, Iranian J Med Aromat 
Plants, 2013, 29(3), 709-719.  
10 Lebaschy M H, Ashoorabadi E S, Tafti M M, Asadi-sanam S 
and Asl K K, Effect of plant density on quantitative and 
qualitative of three thymus species in dry farming conditions 
of three provinces of Iran, Iranian J Med Aromat Plants, 
2018, 33(6), 897-914.  
11 Lebaschy M H, Ramazani M B and Ashoorabadi E S, The 
effects of plant densities on growth indices of Catharanthus 
tincorious L. under Damavand dryland condition, Iranian J 
Med Aromat Plants, 2009, 24(4), 444-454. 
12 Borna F, Omidbaigi R and Sefidkon F, The effect of sowing 
dates on growth, yield, and essential oil content of 
Dracocephalum moldavica, Iranian J Med Aromat Plants, 
2007, 23(3), 307-314.  
13 Ghobadi M E and Fatahi S, Effect of plant density and water 
stress on growth characteristics, yield and oil content of 
Coriander (Coriandrum sativum L.), Iranian J Med Aromat 
Plants, 2016, 32(5), 924-935. 
14 Omid B R, Sadrai M K and Sefidkon F, Effect of sowing 
dates in the productivity of fennel (Foeniculum vulgare) CV 
soroksari, Iranian J Med Aromat Plants, 2006, 21(4),  
465-479. 
15 Ahmed W, Aburjai T, Hudaib M and Al-Karablieh N, 
Chemical composition of essential oils hydrodistilled from 
aerial parts of Achillea fragrantissima (Forssk.) Sch. Bip. 
And Achillea santolina L. (Asteraceae) growing in Jordan, J 
Essent Oil Bear Pl, 2020, 23(1), 15-25. 
16 Paulo D, Emerson L, Rayane C, Gonçalves C, Almas L, et al, 
Composition and antimicrobial activity of essential oil of 
yarrow (Achillea millefolium L.), Aust J Crop Sci, 2020,14, 
545-550. 
17 Vidic D, Zeljkovic S C, Dizdar M and Maksimovic M, 
Essential oil composition and antioxidant activity of four 
Asteraceae species from Bosnia, J Essent Oil Res, 2016, 
28(5), 445-457.  
18 Abdossi V and Kazemi M, Bioactivities of Achillea 
millefolium essential oil and its main terpenes from Iran, Int J 
Food Prop, 2016, 19(8), 1798-1808. 
19 Stevanovic Z D, Pljevljakusic D, Ristic M, Sostaric J, 
Kresovic M, et al., Essential oil composition of Achillea 
millefolium agg. populations collected from saline habitats in 
Serbia, J Essent Oil Bear Pl, 2015, 18(6),1343-1352. 
20 Turkmenoglu F P, Agar O T, Akaydin G, Hayran M  
and Demirci B, Characterization of volatile compounds of 
eleven Achillea species from Turkey and biological activities 
of essential oil and methanol extract of A. hamzaoglui 
Arabaci et Budak, Molecules, 2015, 20, 11432-11458. 
21 Nadim M M, Malik A A, Ahmad J and Bakshi S K, The 
essential oil composition of Achillea millefolium L. 
cultivated under tropical condition in India, World J Agric 
Sci, 2011, 7(5), 561-565. 
22 Jaimand K, Rezaee M B and Mozaffarian, V, Chemical 
constituents of the leaf and flower oils from Achillea 
millefolium subsp. elbursensis Hub. Mor. from Iran rich in 
chamazulene, J Essent Oil Res, 2006, 18(3), 293-295.  
23 Askari F, Mirza M, Golipour M and Qomi S F, Essential oil 
compositions of wild and cultivated Achillea millefolium L. 
subsp. elbursensis, Iranian J Med Aromat Plants, 2019, 
35(1), 1-11. 
24 British Pharmacopoeia Commission, British Pharmacopoeia 
(HMSO, London), 2017. 
25 Borah A, Pandey S K, Haldar S and Lal M, Chemical 
composition of leaf essential oil of Psidium guajava L. from 
North East India, J Essent Oil Bear Pl, 2019, 22(1), 248-253. 
26 Paw M, Begum T, Gogoi R, Pandey S K and Lal M, 
Chemical Composition of Citrus limon L. Burmf Peel 
essential oil from North East India, J Essent Oil Bear Pl, 
2020, 23(2), 337-344.  
27 Begum T, Pandey S K, Borah A, Paw M and Lal M, Essential 
oil composition of different accessions of ginger collected 
from Northeast Region of India, J Essent Oil Bear Pl, 2018, 
21(6), 1475-1486. 
28 Adams R P, Identification of essential oils by ion trap mass 
spectroscopy, (Academic Press: New York), 2011. 
29 Davies N W, Gas chromatographic retention index of 
monoterpenes and sesquiterpenes on methyl and carbowax 
20 M phases, J Chromatogr, 1990, 503, 1-24. 
30 Shibamoto T, Retention indices in essential oil analysis, In: 
Capillary gas chromatography in essential oil analysis, 
edited by Sandra P and Bicchi C, (Dr. Alfred Huethig Verlag, 
New York), 1987, 259-274. 
31 Askari F, Determination of the appropriate planting date and 
plant density for cultivation of Achillea millefolium L. subsp. 
elbursensis, Final Report of Research Project, (Research 
Institute of Forest and Rangelands, Tehran), 2019. 




32 Orav A, Arak E, and Raal A, Phytochemical analysis of the 
essential oil of Achillea millefolium L. from various 
European countries, Nat Prod Lett, 2006, 20(12), 1082-1088. 
33 Weyerstahl P, Marschall H, Seelmann I, and Rustaiyan A, 
Constituents of the essential oil of Achillea eriophora DC, 
Flavour Fragr J, 1997, 12(2), 71-78. 
34 Jianu C, Misca C, Muntean S G, and Grnia A T, Composition 
and antioxidant, antimicrobial activity of the essential oil of 
Achillea collina Becker growing wild in Western Romania, 
Hem Ind, 2015, 69(4), 381-386. 
35 Baser K H C, Essential oils of Achillea species of Turkey, 
Nat Volatiles Essent Oil, 2016, 3(1), 1-14. 
 
